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INVESTIGATION OF AERODYNAMIC CHARACTERISTICS AT HIGH 

SUBSONIC SPEEIX OF ?wO SUPERSONIC-CRUISE AIRPLANE 

CONFIGURATIONS HAVING TAIL SURFACES 

OUTBOARD OF THE WINGTIPS* 

By Paul G. Fournier and W i l l i a m  C .  Sleeman, Jr. 

SUMMARY 

The aerodynamic cha rac t e r i s t i c s  a t  high subsonic speeds of two 
outboard- ta i l  a i rp lane  configurations have been inves t iga ted  i n  the  
Langley high-speed 7- by 10-foot tunnel over a Mach number range from 
0.40 t o  0.94. 
mounted on s lender  bodies a t tached t o  the  t i p s  of a low-aspect-ratio 
highly sweptback wing. One model had a TO0 sweptback wing which had 
both t w i s t  and negative dihedral ,  and the o ther  model had a 60° sweptback 
wing which had no t w i s t  or dihedral .  Both models had simulated engine 
i n s t a l l a t i o n s  at tached which represented a six-engine arrangement having 
a common air  i n l e t  with a i r  flow through the i n l e t .  The s t a t i c  longi- 
t ud ina l  and la teral  s t a b i l i t y  and control  c h a r a c t e r i s t i c s  were obtained 
over an angle-of-attack range from about -2' t o  2 4 O .  

The models had the  horizontal  and v e r t i c a l  t a i l  sur faces  

Comparison of the  pitching-moment c h a r a c t e r i s t i c s  a t  subsonic speeds 
f o r  the  two outboard-tai l  models tes ted  with the c h a r a c t e r i s t i c s  of these 
models a t  supersonic speeds indicated t h a t  t he  o v e r a l l  low- l i f t  s t a t i c -  
margin increase w a s  about 9 percent of the mean aerodynamic chord when 
the Mach number was increased from 0.60 t o  3.0. 
l i f t  w a s ,  however, very low at subsonic speeds f o r  both models. 
v a r i a t i o n  of p i tch ing  moment with l i f t  ind ica ted  a l a rge  l o s s  of s t a b i l i t y  
f o r  l i f t  coe f f i c i en t s  above about 0.35, and results f o r  bcth models showed 
s t a t i c  l ong i tud ina l  i n s t a b i l i t y  above an angle of a t t a c k  of about go. 
Values of maximum l i f t - d r a g  r a t i o  for the  model having a TO0 sweptback 
wing were somewhat higher a t  a Mach number of 0.60 than values f o r  the  
model having a 600 sweptback wing; however, near a Mach number of 0.90 
m a x i m u m  l i f t - d r a g  r a t i o s  f o r  the two models were about the same. The 
m a x i m u m  l i f t - d r a g  r a t i o s  obtained were approximately 7.65 and 8.15 f o r  
the 60° and TO0 sweptback-wing models, respec t ive ly .  

and became very high as the angle of a t tack  increased t o  24'. 

The s ta t ic  margin a t  low 
The 

The static d i rec-  
t i o n a l  s t a b i l i t y  of both models was f a i r l y  high a t  low angles of 

- 
*Ti t l e ,  Unclassif ied.  - 
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The National Aeronautics and Space Administration has done much 
work toward achieving a i rp lane  configurat ions having high values of 
l i f t -d rag  r a t i o  and adequate s t a b i l i t y  a t  the  design c ru i se  Mach number 
of 3.0.  
surfaces mounted on s lender  bodies a t tached t o  the  t i p s  of a low-aspect- 
r a t i o  highly sweptback wing. 
outboard-tail models are presented i n  references 1 t o  3 and r e s u l t s  of 
some general  s tud ies  a t  low speed showing e f f e c t s  of wing sweep and 
hor izonta l - ta i l  s i z e  are presented i n  reference 4. 

One of the  types of configurat ions inves t iga ted  had i t s  t a i l  

T e s t  r e s u l t s  a t  supersonic speeds f o r  two 

. 

The purpose of the present  inves t iga t ion  w a s  t o  ob ta in  the  aerody- 
namic Charac te r i s t ics  a t  high subsonic speeds of the same outboard-tai l  
models used i n  t he  tes t s  a t  supersonic speeds reported i n  references 1 
and 2. The subsonic tests were conducted i n  the  Langley high-speed 7- 
by 10-foot tunnel  over a Mach number range from 0.40 t o  0.94 and f o r  an. 
angle-of -attack range from -2' t o  24O. S t a t i c  longi tudina l  and la teral  
s t a b i l i t y  and con t ro l  c h a r a c t e r i s t i c s  were s tudied  over the  tes t  Mach 
number range. A few tes ts  were mad-? t o  assess the  la te ra l  and direc- 
t i o n a l  cont ro l  c h a r a c t e r i s t i c s  of the models. 

c 

SYMBOLS 

The da ta  of t h i s  inves t iga t ion  are presented wi th  respec t  t o  the  
system of  axes shown i n  figure 1. 'The l a t e r a l  c h a r a c t e r i s t i c s  are 
referred t o  the body axes and the  l m g i t u d i n a l  c h a r a c t e r i s t i c s  are 
re fer red  t o  the  s t a b i l i t y  axes. 
moment-reference po in t  loca ted  a t  63 percent  of the  mean aerodynamic 
chord of the wing alone (excluding the  t a i l s )  f o r  model 1 and a t  
56.12 percent of the  mean aerodynamic chord of t he  wing alone f o r  model 2. 
These moment-reference poin ts  a r e  the  same as those used a t  supersonic 
speeds for the  models of references 1 and 2. 
on the geometry of t he  composite p l an  form of the  wing p lus  the  ho r i zon ta l  
t a i l  surfaces inasmuch as the  t a i l  would provide pos i t i ve  l i f t  f o r  tr imed 
f l i g h t .  

Moment coe f f i c i en t s  are given about a 

The coe f f i c i en t s  are based 

C D  external-flow drag coe f f i c i en t ,  - (CD,b i- CD, c + cD,i) 
To ta l  drag 

qs 
Ease drag engine-pack base drag coe f f i c i en t ,  

qs 'D, b 

cD, c balance-ehamber drag coef . f ic ient ,  Chamber drag 



C 

cD, i 

cn 

CY 
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In t e rna l  drag engine-pack internal-flow drag coe f f i c i en t ,  
qs 

L i f t  l i f t  coe f f i c i en t ,  - 
CIS 

Pi tching moment ritching-moment coef f ic ien t ,  
qs E 

rolling-moment coef f ic ien t ,  Rolling moment 
qSb 

Yawing moment yzwing-moment coe f f i c i en t ,  
qSb 

s ide-force coef f ic ien t ,  Side force 
qs 

b span of wing p lus  horizontal  t a i l ,  f t  

C 

C 

S 

chord length i n  free-stream d i rec t ion ,  f t  

mean aerodynamic chord of wing plus hor izonta l  t a i l ,  f t  

area of wing plus  horizontal  t a i l ,  including wing-body 

- 

i n t e rcep t  (wingtip and ta i l - root  chords are assumed t o  l i e  
on the  center l i n e  of the wingtip bodies) bu t  not  including 
area of wing trail ing-edge extensions,  sq f t  

9 

M 

a 

f r ee - s t r ean  dynamic pressure, lb/sq f t  

free-stream Mach number 

angle of a t t ack  r e fe r r ed  -to fuselage reference l i n e ,  deg 
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P angle of s i d e s l i p  r e fe r r ed  t o  fuselage center  l i n e ,  deg 

rudder de f l ec t ion  r e l a t i v e  t o  chord plane of v e r t i c a l  t a i l  
(pos i t ive  when t r a i l i n g  edge i s  def lec ted  t o  l e f t ) ,  deg 

6, 

it hor i zon ta l - t a i l  incidence angle r e l a t i v e  t o  center  l i n e  of 
r e a r  half  of wingtip bodies (pos i t ive  when t r a i l i n g  edge i s  
down), deg 

L/D l i f t - d r a g  r a t i o ,  CL/CD 

Subscript  : 

max maximum 

Model component designations: 

W wing 

f 

. 

B fuselage 

E engine pack 

0 wingtip bodies 

v v e r t i c a l  ta i ls  

H hor izonta l  t a i l  

F ven t r a l  f i n s  

APPARATUS AND MODELS 

\ .  

The t e s t s  were conducted i n  the Langley high-speed 7- by lO-foot 
tunnel  on two outboard-tai l  models. The forces  and moments ac t ing  on 
the models were measured by means of a six-component i n t e r n a l  s t ra in-gage 
balance. The balance was at tached t o  a variable-angle s t i n g  support 
system which w a s  remotely operated. 

I 
Description of Model 1 

The configurat ion designated as model 1 i s  shown i n  f igu re  2 and i s  
the same model used i n  the  inves t iga t ion  reported i n  reference 1. Photo- 
graphs of model 1 a r e  given i n  f igu re  3 and the  geometric c h a r a c t e r i s t i c s  

0 
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a r e  summarized i n  t ab le  I. The cross sec t ion  of the fuselage w a s  
bas i ca l ly  semicircular  from the nose rearward f o r  about 22 inches and 
f a i r e d  smoothly from t h i s  po in t  t o  a c i r c u l a r  base. 
pack represent ing a three-over-three c lus t e red  engine arrangement w a s  
mounted beneath the model fuselage.  (See f i g .  2(b)  f o r  d e t a i l s  of t he  
engine pack.) This pack consis ted of a two-dimensional s p l i t  i n l e t  
ducted t o  exhaust through th ree  nozzles. An i n t e g r a l  p a r t  of the pack 
w a s  the  wedge-type boundary-layer d ive r t e r  loca ted  on the upper sur face  
of the  in le t -duc t  housing. The design Mach number f o r  t he  engine pack 
w a s  3.0 and no modifications were made t o  the  engine pack f o r  subsonic 
operat ion.  

A detachable engine 

The wing of model 1 had TO0 of sweep a t  the  leading edge, an aspec t  
r a t i o  of 1.0, a taper  r a t i o  of 0.3919, and a d ihedra l  angle of - 5 . 3 O .  
The wing had NACA 6y004 a i r f o i l  sect ions and w a s  twisted about the  
0.50-chord l i ne  s o  t h a t  it had -2.8O t w i s t  a t  t he  t i p  and the  t h e o r e t i c a l  
r o o t  chord w a s  loca ted  on the fuselage reference l i n e  a t  Oo incidence.  
The wingtip bodies were at tached w i t h  the  center  l i n e  coinaident w i t h  t he  
wingtip chord and were therefore  inc l ined  nose down 2.8O with r e spec t  t o  
the fuselage reference l i n e .  Inasmuch as the  s t a b i l i z e r  s e t t i n g s  given 
i n  t h i s  r epor t  are r e fe r r ed  t o  the  center l i n e  of t he  wingtip body, the  
i n c l i n a t i o n  of t h i s  body must be subtracted from the  s t a b i l i z e r  settings 
given i n  order t o  determine the  s e t t i n g  r e l a t i v e  t o  the fuselage r e f e r -  
ence l i n e ,  which i s  the  more commonly used de f in i t i on .  

The hor izonta l  and v e r t i c a l  t a i l s  were swept back 60° a t  the  leading 
edge and had a panel  aspect  r a t i o  of 0.9185, a t ape r  r a t i o  of 0.3069, and 
NACA 6 5 ~ 0 0 3  a i r f o i l  sec t ions .  
wingtip bodies so t h a t  t he  tai ls  had 1.5' of toe-out.  
f i g .  2 ( a ) . )  
d e t a i l s  of t h i s  extension are given i n  f igu re  2 ( c ) .  
w a s  a t tached  t o  each wingtip body for  a f e w  tests i s  shown i n  f igu re  2(d) .  

The v e r t i c a l  t a i l s  were a l ined  on the  
(See p lan  view, 

A ven t r a l  f i n  which 
A wing t ra i l ing-edge extension w a s  t e s t e d  on the  model and 

Description of Model 2 

A drawing of model 2 i s  given i n  f i g u r e  4 and this model i s  the  same 
model used i n  the  inves t iga t ions  of references 2 and 3 .  Photographs of 
model 2 are given i n  f igu re  5 and the geometric cha rac t e r i s t i c s  are sum- 
marized i n  t a b l e  11. 
cross-sect ional  shape composed of two semie l l ipses  having t h e i r  major 
axes hoYizonta1 and coincident.  The minor axes of these  semiellipses 
were se l ec t ed  so t h a t  t he  height of the body w a s  one-half of the width. 
Most of the  rear por t ion  of t he  body w a s  composed of a semicircular  shape 
with i t s  diameter loca ted  on the  bottom surface of t he  wing. The engine 
pack used on model 2 w a s  designed for  operat ion a t  
s i m i l a r  t o  t h a t  used on model 1 except t h a t  the  i n t e r n a l  flow w a s  d i s -  
charged t'mough four exits,  and the  engine pack could not  be removed f o r  

The forward pa r t  of the  fuselage of the model had a 

M = 3.0 and w a s  
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t e s t s  of the model alone s ince the strain-gage balance was mounted i n  
t'ne engine pack. 

4 

The wing of model 2 had 60° of sweep a t  the leading edge,an aspect  
r a t i o  of 0.90, a taper  r a t i o  of 0.6654, and 2L -percent-chord-thick 

hexagonal a i r f o i l  sect ions with r idge l i n e s  a t  l/3- and 2/3-chord l i n e s .  
The wing was not twisted and had no d ihedra l  o r  incidence. The outer  
bodies attached t o  the wingtips had a 1.2 t o  1.0 e l l i p t i c a l  cross  sec t ion  
with the major ax is  v e r t i c a l .  The center  l i n e  of the forward half of the  
wingtip bodies was p a r a l l e l  t o  the wing-chord plane, whereas the center' L 
l i n e  of the r e a r  half w a s  inc l ined  upward 3 O .  (See f i g .  4(a) .) The 8 
wingtip bodies were Hbent'' i n  order t o  have the  horizontal  t a i l  surfaces  8 
a l ined  with the  bodies a t  the  t r i m  s e t t i n g  f o r  design conditions a t  a 7 
Mach number of 3 when used on the  untwisted wing of model 2. These 
bodies were a l s o  bent inward a t  the  r e a r  so  t h a t  the  v e r t i c a l  t a i l  su r -  
faces  which were a l ined  with the bodies would have l . 5 O  of toe-out. 
(See plan view, f i g .  4(a) .) 

2 

The horizontal  t a i l  surfaces  used on model 2 were swept 61.5' a t  
the leading edge and had a panel aspect r a t i o  of 1.0392, a taper  r a t i o  
of 0.2500, and 21: -percent-chord-thick hexagonal a i r f o i l  sec t ions .  

v e r t i c a l  t a i l s  were swept 52' a t  the leading edge and had an aspect  r a t i o  

of 0.7479, a taper  r a t i o  of 0.2500, and 2--percent-chord-thick double- 

wedge a i r f o i l  sect ions.  The t a i l  surfaces  were considered t o  be unde- 
f l e c t e d  when they were a l ined  with the center  l i n e s  of the r ea r  p a r t  of 
the wingtip bodies. The wing t ra i l ing-edge extension used on model 2 
extended rearward from the wing t r a i l i n g  edge a t  approximately the 3' 
inc l ina t ion  of the r ea r  p a r t  of the outer  body (see f i g s .  4 and 5 )  and 
w a s  on the model f o r  a l l  t e s t s .  
both extensions was 0.115 square foot;  however, t h i s  added area  w a s  not  
used i n  the  reference area for the  reduction of da ta  t o  coe f f i c i en t s .  

The 
2 . 

1 
2 

The t o t a l  exposed plan-form area  of 

TESTS 

Tests of model 1 and model 2 were conducted over an angle-of-attack 
range from approximately -2O t o  24O f o r  model 1 and from -2O t o  16O f o r  
model 2. 
model l a n d  general ly  from 0.40 t o  0.90 f o r  model 2. 
number range and the reduced angle-of-attack range used f o r  model 2 were 
necessi ta ted by the rearward loca t ion  of t he  strain-gage balance i n  
model 2. Some tes t  r e s u l t s  were obtained on model 2 i n  which the  Mach 
number extended to ' 0 .94  f o r  the  z e r o - l i f t  condition i n  order t o  obta in  

The tes t  Mach number range extended from 0.60 t o  0.94 f o r  
Both the lower Mach 



I' d 

the  drag. 
dynamic chord, w a s  4.0 X 10 6 t o  5.0 x lo6 f o r  model 1 and 3.7 x 10 6 t o  
6.0 x 10 6 f o r  model 2. 

The test  Reynolds number range, based on the wing mean aero-  

Trans i t ion  w a s  f i xed  on both models by means of roughness s t r i p s  
placed around the  fuselage and wingtip bodies about 2 inches behind the 
noses and along a constant-percent-chord l i n e  (upper and lower sur faces)  
on the  wings and t a i l  surfaces .  
ta i ls  w a s  along the  10-percent-chord l i n e  and f o r  model 2 the roughness 
was along the  5-percent-chord l i n e .  
by No. 60 carborundum i n  a s t r i p  1/32 inch wide having about 50 gra ins  
per  inch  of s t r i p .  
g ra ins  of sand having a nominal s i ze  of 0.018 inch along the t r a n s i t i o n  
l i n e  a t  a spacing of approximately 1/32 inch between gra ins .  Trans i t ion  
w a s  f i xed  f o r  both models except fo r  a f e w  tests of model 1 t o  determine 
e f f e c t s  of f i x ing  t r a n s i t i o n .  

For model 1 the roughness on wing and 

The roughness on model 1 w a s  formed 

Roughness on model 2 w a s  formed by placing single 

Longitudinal cha rac t e r i s t i c s  of t he  models were obtained a t  each 
Mach number a t  0' s i d e s l i p  through the  angle-of-attack range. 
s t a b i l i t y  der iva t ives  were obtained from tests of the  models i n  which 
the angle of a t t a c k  w a s  var ied a t  fixed s i d e s l i p  angles of *bo. 
tests were conducted on model 1 i n  which t h e . s i d e s l i p  w a s  var ied  and the 
angle of a t t a c k  he ld  constant.  

Lateral- 

A few 

CORRECTIONS 

Jet-boundary correct ions t o  the angle of a t t a c k  and drag coe f f i -  
c i en t s ,  and blockage correct ions t o  the dynamic pressure have been 
determined by s tandard procedures and these correct ions were appl ied 
t o  the bas ic  da t a .  I n  addi t ion,  the drag coe f f i c i en t s  have been cor-  
r ec t ed  f o r  e f f e c t s  of tunnel  buoyancy. The angles of a t t ack  and s ide -  
s l i p  have been corrected f o r  def lect ion of the  s t i n g  and balance under 
load. 

The drag data f o r  both model 1 and model 2 have been adjusted t o  
correspond t o  free-stream s t a t i c  pressure ac t ing  on the e n t i r e  base of 
the model including the  area occupied by the  s t i n g  but  not including 
the  duct  e x i t  areas. Pressures measured i n  the  balance chamber and 
over t he  engine-pack base were used to  obta in  base-pressure cor rec t ions  
by app l i ca t ion  t o  the  appropriate areas.  
have a l s o  been corrected f o r  internal-flow drag by subt rac t ing  C D , ~  
( force c o e f f i c i e n t  computed from duct e x i t  p ressures  obtained by a 
t o t a l  pressure survey and s t a t i c  o r i f i ce s  and by using a standard 
momentum-balance equation) from the  measured drag da ta .  

The drag da ta  f o r  the  models 

These drag 
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corrections applied to the data of both models are presented in figure 6. 
No corrections have been applied to the data of either m d e l  1 o r  nodel 2 
to account for drag of the engine-pack boundary-layer diverter. 

PRESENTATION OF RESULTS 

The basic test results for model 1 are given in figures 7 to 18 and 
Some results are results for model 2 are presented in figures 19 to 23. 

summarized in figures 24 to 27. A n  outline of the content of the data 
figures is as follows: Figure 

Model 1 

Longitudinal characteristics: 
Effect of fixing transition . . . . . . . . . . . . . . . . . .  7 

8 Effect of vertical tails and wingtip bodies . . . . . . . . . .  
Effect of horizontal-tail incidence . . . . . . . . . . . . . .  9 
Effect of horizontal-tail incidence on lift-drag ratios 10 

11 Effect of wing trailing-edge extension 

Effect of engine pack . . . . . . . . . . . . . . . . . . . . .  
Effect of vertical tails and ventral fins . . . . . . . . . . . .  13 
Effect of wingtip bodies . . . . . . . . . . . . . . . . . . .  
Component contributions . . . . . . . . . . . . . . . . . . . .  15 

Effect of vertical tails on characteristics in sideslip 16 
Effect of horizontal-tail roll control . . . . . . . . . . . . .  17 

18 Effect of vertical-tail incidence . . . . . . . . . . . . . . . .  

. . . .  . . . . . . . . . . . .  
Lateral-stability derivatives: 

12 

14 

. . . . .  

Model 2 

Effect of horizontal-tail incidence . . . . . . . . . . . . . . .  19 
Effect of vertical tails on lateral-stability derivatives . . . .  
Contribution of vertical tails to lateral-stability 
derivatives . . . . . . . . . . . . . . . . . . . . . . . . . .  

Effect of horizontal-tail r o l l  control . . . . . . . . . . . . .  
Effect of rudder deflection . . . . . . . . . . . . . . . . . . .  

20 

21 
22 
23 

Summary Figures 

Effect of engine pack and horizontal tail on 

Effect of engine pack and horizontal tail on the 

Effect of horizontal tail on the performance 
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A de ta i l ed  discussion of r e s u l t s  obtained i n  the inves t iga t ion  a t  
high subsonic speeds of two outboard-tai l  models has been omitted i n  
order t o  expedite publ icat ion of these da ta .  A f e w  observations are 
made, however, t o  po in t  out  some of the most important r e s u l t s  obtained. 

Longitudinal Character is t ics  

The pitching-moment da ta  presented i n  t h i s  r epor t  f o r  both model 1 
and model 2 are r e fe r r ed  t o  the same moment-reference poin t  as was used 
i n  the data presenta t ion  f o r  these models a t  supersonic speeds (refs. 1 
and 2)  i n  order t o  compare the present tests d i r e c t l y  with the  supersonic 
t e s t s .  
mately 14 percent  c' f o r  model 1 (ref .  1) and 10 percent  E f o r  model 2. 
The corresponding values of low-l i f t  s t a t i c  margin a t  a Mach number of 
0.60 were 5.2 percent c ( f ig .  25) and 1.0 percent  E ( f ig .  27) which 
ind ica te  t h a t  the ove ra l l  static-margin increase,  as  M increased from 
0.60 t o  3.0, w a s  only about 9 percent c' f o r  both of the outboard-tai l  
models. The l e v e l  of s t a b i l i t y  a t  M = 3.0 w a s ,  however, such t h a t  t he  
9-percent-E s h i f t  caused the subsonic s t a b i l i t y  near zero l i f t  t o  be very 
low. The va r i a t ion  of pitching-moment coe f f i c i en t  with l i f t  coe f f i c i en t  
f o r  both model 1 and model 2 ( f ig s .  9 and 19) shows that a Large loss of 
s t a b i l i t y  occurred f o r  l i f t  coef f ic ien ts  above about 0.35, and longi-  
tud ina l  i n s t a b i l i t y  w a s  indicated for angles of attack of approximately 
10' f o r  model 1 and 8' f o r  model 2. This loss of s t a b i l i t y  a t  moderate 
angles of a t t ack  was due t o  a loss i n  t h e  t a i l  contr ibut ion which w a s  
probably caused by r e l a t i v e  movement o f  the hor izonta l  t a i l  below t h e  
region of m a x i m u m  upwash as the  model angle of a t t ack  increased. 
Methods f o r  a l l e v i a t i n g  the  longitudinal i n s t a b i l i t y  encountered on 
some outboard-tai l  configurations have been explored i n  tests a t  low 
speed ( r e f .  4) and a configuration was achieved which had no la rge  
losses  i n  longi tudina l  s t a b i l i t y  over an angle-of-attack range extending 
t o  30° (unpublished data). 

The low- l i f t  s ta t ic  margin a t  a Mach number of 3 w a s  approxi- 

- 

Performance Parameters 

The summary of performance parameters presented i n  f igures  24 and 
26 shows tha t  addi t ion of the outboard hor izonta l  t a i l  surfaces  increased 
maximum l i f t - d r a g  r a t i o s  f o r  model 1 by a value of about 1.5 and f o r  
model 2 by a value of about 1.3.  Maximum l i f t - d r a g  r a t i o s  f o r  model 1 
decreased from a value of about 8.15 a t  
M = 0.94; whereas values f o r  model 2 increased from 7.25 a t  M = 0.40 
a value of 7.65 a t  M = 0.80 and then decreased s l i g h t l y  as M increased 

M = 0.60 t o  a value of 7.45 a t  
t o  
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t o  a value of 0.90. Removal of ,the engine pack of model 1 ( f i g .  24) 

obtained without the engine pack incre2;ed as Mach number increased. 
caused a sTGbstantla1 increase i n  me<-.--' 1 4  *+ amam r o f i  n c  S n A  x r n l  I I P C  

UCII,, L4.L u-ULu.6 L U V I " "  -.a- .-A=-- 

A cornparison of maximum l i f t - d r a g  r a t i o s  of model 1 and model 2 
( f i g s .  24 and 26) shows about the  same values near the highest  t e s t  
Mach number; however, the l i f t - d r a g  r a t i o s  f o r  model 1 were somewhat 
higher than those f o r  model 2 near a Mach number of 0.60 even though 
the minimum drag of model 2 w a s  lower than t h a t  for model 1 throughout 
the Mach number range. There are many s i g n i f i c a n t  geometric d i f fe rences  
between model 1 and model 2 (see t ab le s  I and 11) such as d i f fe rences  L 
i n  volume, wing aspect  r a t i o ,  t aper ,  sweep, a i r f o i l ,  t w i s t ,  and s i z e  of 8 
engine pack r e l a t i v e ' t o  wing area; therefore ,  only an ove ra l l  comparison 8 
of results f o r  these two models can be made. The general  l e v e l  of maxi- 7 
mum l i f t - d r a g  r a t i o s  obtained a t  high subsonic speeds f o r  both model 1 
and model 2 appears r a t h e r  low (between 7.25 and 8.13) when compared 
with e f f i c i e n t  subsonic configurations;  however, these models repre-  
sented configurations designed t o  c ru ise  a t  a Mach number of 3 and they 
had r e l a t i v e l y  high l i f t - d r a g  r a t i o s  f o r  the design condition ( r e f s .  1 
and 2 ) .  

Lateral Charac te r i s t ics  

The s t a t i c  d i r e c t i o n a l  s t a b i l i t y  of model 1 as obtained from tes ts  
p = -kkO ( f i g .  12) w a s  adequate a t  low angles of a t t a c k  

was caused by both an increase i n  the  v e r t i c a l - t a i l  

of the  model a t  
and became very high as the  angle of a t t ack  increased t o  24O. 
increase i n  

contribution ( f i g  . 15) and by the  wing-fuselage configurat ion becoming 
highly d i r ec t iona l ly  s t a b l e  a t  high angles of a t t ack  ( f i g .  1 2 ) .  Because 
the d i rec t iona l  s t a b i l i t y  of model 1 w a s  s o  bigh both a t  subsonic speeds 
( f i g .  12 )  and a t  supersonic speeds ( ref .  l), the  r e l a t i v e  s i z e  of the  
v e r t i c a l  t a i l  surfaces  w a s  decreased i n  the design of model 2. Values 
of 

the  s t a t i c  d i r ec t iona l  s t a b i l i t y  of model 2 w a s  good a t  low angles Of 

a t t a c k  and increased a t  high angles  ( f i g .  20).  

This 

CnP 

CnB 
obtained f o r  model 2 were less than those f o r  model 1; however, 

The e f f ec t ive  d ihedra l  of both models w a s  pos i t i ve  (-czP) f o r  posi-  

t i v e  l i f t i n g  conditions and became high i n  most cases a t  high angles of 
a t t ack .  These la rge  values of e f f ec t ive  d ihedra l  may not  be des i r ab le  
from the standpoint of dynamic lateral  cha rac t e r i s t i c s ;  however, the  use 
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of negative geometric dihedral  i n  the wing of model 1 appeared s a t i s f a c -  
to ry  a t  supersonic speeds where zero e f f e c t i v e  d ihedra l  w a s  obtained near 
a reasonable c ru ise  l i f t  coef f ic ien t  ( r e f s .  1 and 6 ) .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley F ie ld ,  V a . ,  March 11, 1960. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 1 

. 

. 

Wing plus horizontal  t a i l  (used i n  reduction of da ta ) :  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.7391 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0000 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . .  1.079 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.3000 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1271 

Wing : 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3611 
span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1667 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . .  1.2409 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0000 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3919 
Air fo i l  sect ion . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 65A004 

Root . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -2.8 

Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -5.3 
Leading-edge sweepback, deg . . . . . . . . . . . . . . . . . . . . .  70.0 
Exposed volume, cu f t  . . . . . . . . . . . . . . . . . . . . . . . .  0.0295 

Twist. deg: 

Horizontal o r  v e r t i c a l  t a i l  surface 
Area. s q f t  . . . . . . . . . . .  
Span. . . . . . . . . . . . . . .  
Mean aerodynamic chord. . . . . .  
Aspect r a t i o  . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . .  
Airfo i l  sect ion . . . . . . . . .  
Dihedral . deg . . . . . . . . . .  
Leading-edge sweepback. deg . . .  
Exposed volume. cu f t  . . . . . .  

Twist. deg . . . . . . . . . . .  

(panel geometry) : . . . . . . . . . . . . . . . . . .  0 . 1 8 9  
0.4167 . . . . . . . . . . . . . . . . . .  0.4962 . . . . . . . . . . . . . . . . . .  0.9185 
0.3069 . . . . . . . . . . . . . . . .  NACA 65A003 . . . . . . . . . . . . . . . . . .  0 

0 
. . . . . . . . . . . . . . . . . .  60.0 . . . . . . . . . . . . . . . . . .  0 . 0013 

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

Fuselage: 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.8057 

Volume. cu f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.069 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.5 

Wingtip body: 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0833 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  16.6667 
Volume. cu f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0169 

Engine pack: 
Base area (excluding the three e x i t s ) .  sq  f t  . . . . . . . . . . . .  0.0178 

volume ) 213 . . . . . . . . .  0.154 Volume parameter (excluding engine pack) . ( 
Enclosed volume. cu f t  . . . . . . . . . . . . . . . . . . . . . . .  0.0181 

S . 
L 
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TABLE 11.- GEOMETRIC CHARACTERISTICS OF MODEL 2 

Wing plus horizontal  t a i l  (used i n  reduction of a l l  data) :  
Area. sq  f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.5000 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2941 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . . .  1 .369  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1052 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0986 

Wing : 
Area. s q f t  . . . . . . . . .  
span. f t  . . . . . . . . . .  
Mean aerodynamic chord. f t  . 
Aspect r a t i o  . . . . . . . . .  
Taper r a t i o  . . . . . . . . .  
Twist. deg . . . . . . . . .  
Dihedral. deg . . . . . . . .  
Leading-edge sweepback. deg . 
Trailing-edge sweepback. deg 
Exposed volume. cu f t  . . . .  

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

2.0833 
1.3693 
1.5419 
0 . 9 0 0  
0.6654 

0 
0 

60.00 
40.00 

0. 04021 

Air fo i l  section . . . . . . . . . . . . . . . . . .  2 1  percent thick. hexagonal 
2 

Horizontal t a i l  surface (panel geometry): 
Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Leading-edge sweepback. deg . . . . . . . . . . . . . . . . . .  
Trailing-edge sweepback. deg . . . . . . . . . . . . . . . . .  
Exposed volume. cu f t  . . . . . . . . . . . . . . . . . . . . .  
Airfo i l  section . . . . . . . . . . . . . . . . . .  21 percent 

Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 

. . . .  0.2083 

. . . .  0.4624 

. . . .  0.5046 . . . .  1.0392 

. . . .  0.2500 . . . .  61.50 . . . .  30.88 . . . .  0.00187 

thick, hexagonal 

Vertical  t a i l  surface (panel geometry) : 
Area. s q f t  . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord . . . . . . . . . . . . .  Span. f t  . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . .  
Rudder area. sq f t  . . . . . . . . . . . . . . .  
Incidence (toe.out). deg . . . . . . . . . . . .  
Location of rudder hinge l ine.  percent chord . . 
Leading-edge sweepback. deg . . . . . . . . . . .  
Trailing-edge sweepback. deg . . . . . . . . . .  
Exposed volume. cu f t  . . . . . . . . . . . . . .  
Airfo i l  section . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  0.1389 

. . . . . . . . . . .  0.3223 

. . . . . . . . . . .  0.4826 . . . . . . . . . . .  0.7479 

. . . . . . . . . . .  0.2500 . . . . . . . . . . .  1.50 . . . . . . . . . . .  0.0463 . . . . . . . . . . .  66.67 . . . . . . . . . . .  52.00 

. . . . . . . . . . .  -13.00 . . . . . . . . . . .  0.ooogg 
2 1  percent thick,  double wedge 2 

Fuselage : 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.2917 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15.65 
vni~me. ~ 1 1  f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0629 

Wingtip body: 
Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.2917 
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.14 
Volume (each). cu f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.01045 

Engine pack: 
Base area (excluding four ex i t s  and cavity area) .  sq f t  . . . . . . . .  0.0228 
Cavity area surrounding model st ing.  sq f t  . . . . . . . . . . . . . .  0.0167 
Capture area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0309 
Enclosed volume. cu f t  . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 5 9 1  

Volume parameter (excluding engine pack) . (volume) 2’3 . . . . . . . . .  0.103 
S 



14 

\ \ Pitching moment 

A 
Relative wind 

A 
i q g  moment 

L i f t  I 

Yowing moment $ 

i 
Z 

Figure  1.- System of axes used i n  p re sen ta t ion  of da t a .  
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(a) Three-view drawing of model. 

Figure 2.- General arrangement of model 1. All dimensions i n  inches. 
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F $ p r e  3 . -  Photcgraphs of model 1. - 
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(a )  Three-view drawing of model. 

Figure 4 . -  General arrangement of model 2. A l l  dimensions i n  inches.  
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Figure 5 . -  Photographs of model 2 .  
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(a) Model 1. 

Figure 6.- Drag corrections applied to the data. 
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(b) Model 2 .  

Figure 6.- Concluded. 
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model 1. Configuration WBEOVH. 
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Figure 20.- Concluded. 
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Figure 22.- Effect of asymmetric deflection of the horizontal tail used 
as a roll control on the aerodynamic characteristics of model 2. 
Configuration WBEOVH. 
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